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This warranty limits our liability to replacement of this product. No other warranties of any

kind, express or implied, including without limitation, implied warranties of merchantability or

fitness for a particular purpose, are provided by Stratagene. Stratagene shall have no liability for

any direct, indirect, consequential, or incidental damages arising out of the use, the results of

use, or the inability to use this product.

klqf`b=ql=mro`e^pboW=ifjfqba=if`bkpb

A license under U.S. Patents 4,683,202, 4,683,195, and 4,965,188 or their foreign counterparts,

owned by Hoffmann-La Roche, Inc., and F. Hoffmann-La Roche Ltd. (“Roche”), has an up-

front fee component and a running-royalty component. The purchase price of this product

includes limited, nontransferable rights under the running-royalty component to use only this

amount of the product to practice the Polymerase Chain Reaction (“PCR”) and related processes

described in said patents solely for the research and development activities of the purchaser

when this product is used in conjunction with a thermal cycler whose use is covered by the up-

front fee component. Rights to the up-front fee component must be obtained by the end user in

order to have a complete license. These rights under the up-front fee component may be

purchased from Perkin-Elmer or obtained by purchasing an Authorized Thermal Cycler. No

right to perform or offer commercial services of any kind using PCR, including without

limitation reporting the results of purchaser’s activities for a fee or other commercial

consideration, is hereby granted by implication or estoppel. Further information on purchasing

licenses to practice the PCR process may be obtained by contacting the Director of Licensing at

The Perkin-Elmer Corporation, 850 Lincoln Centre Drive, Foster City, California 94404, or at

Roche Molecular Systems, Inc., 1145 Atlantic Avenue, Alameda, California 94501.
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PfuTurbo® DNA polymerase* is an enhanced version of Pfu DNA polymerase* for high-fidelity

PCR.1 PfuTurbo DNA polymerase is a blend of cloned Pfu DNA polymerase and a novel

thermostable factor** that enhances PCR product yields without altering DNA replication

fidelity. PfuTurbo DNA polymerase can be used to amplify complex genomic DNA targets up

to10kb and vector targets up to 15kb in length. In general PfuTurbo DNA polymerase amplifies

complex targets in higher yield than Taq DNA polymerase or other commercially-available

proofreading PCR enzymes.1 The error rate of PfuTurbo DNA polymerase is equal to that of

Pfu DNA polymerase1 and significantly lower than the error rates of other proofreading

enzymes2, DNA polymerase mixtures2,3,4, and Taq DNA polymerase2. Finally, the enhanced

performance of PfuTurbo DNA polymerase allows the use of shorter extension times, fewer

PCR cycles, and lower DNA template concentrations than are required for Pfu DNA

polymerase.  These features of PfuTurbo DNA polymerase (e.g. fidelity, sensitivity, and yield)

make it ideally suited for high performance PCR applications.

j^qbof^ip=molsfaba

nì~åíáíó

j~íÉêá~äë=éêçîáÇÉÇ `~í~äçÖ=@SMMORM `~í~äçÖ=@SMMORO `~í~äçÖ=@SMMORQ

mÑìqìêÄç∆=ak^=éçäóãÉê~ëÉ=EOKR=rL=µäF NMM=r~ RMM=rÄ NMMM=rÅ

NM�=`äçåÉÇ=mÑì=ak^=éçäóãÉê~ëÉ

êÉ~Åíáçå=ÄìÑÑÉêÇ
N=ãä O=�=N=ãä Q=�=N=ãä

~ pìÑÑáÅáÉåí=mÑìqìêÄç=ak^=éçäóãÉê~ëÉ=áë=éêçîáÇÉÇ=Ñçê=ìé=íç=QM=NMMJµä=êÉ~ÅíáçåëK
Ä pìÑÑáÅáÉåí=mÑìqìêÄç=ak^=éçäóãÉê~ëÉ=áë=éêçîáÇÉÇ=Ñçê=ìé=íç=OMM=NMMJµä=êÉ~ÅíáçåëK
Å pìÑÑáÅáÉåí=mÑìqìêÄç=ak^=éçäóãÉê~ëÉ=áë=éêçîáÇÉÇ=Ñçê=ìé=íç=QMM=NMMJµä=êÉ~ÅíáçåëK
Ç pÉÉ=mêÉé~ê~íáçå=çÑ=jÉÇá~=~åÇ=oÉ~ÖÉåíëK

*   U.S. Patent No. 5,545,552 and patents pending.

** Patents pending.
†   See Endnotes.

Revision #010001d Copyright © 2000 by Stratagene.



O

`ofqf`^i=lmqfjfw^qflk=m^o^jbqbop=clo=mÑìqro_l=ak^=mlivjbo^pbJ_^pba=m`o

Pfu DNA polymerase exhibits the lowest error rate of any thermostable DNA polymerase

analyzed (Table I),2,5–7 making PfuTurbo and Pfu DNA polymerase the ideal choice for high-

fidelity PCR amplification. All PCR amplification reactions, whether performed using Taq, Pfu,

or PfuTurbo DNA polymerase, require optimization to achieve the highest product yield and

specificity. Critical optimization parameters for successful PCR using PfuTurbo DNA

polymerase are outlined in the following sections and include the use of an extension time that

is adequate for full-length DNA synthesis, sufficient enzyme concentration, optimization of the

reaction buffer, adequate primer–template purity and concentration, and optimal primer design.

bñíÉåëáçå=qáãÉ

Extension time is one of the most critical parameters affecting the yield of PCR product

obtained using PfuTurbo DNA polymerase. For optimal yield with minimal smearing using

PfuTurbo DNA polymerase, use an extension time of 1.0 minute/kb for vector targets up to

10kb and genomic targets up to 6kb. When amplifying vector targets between 10 and 15kb or

genomic targets between 6 and 10kb in length, use an extension time of 2.0 minutes/kb. In

contrast, Pfu DNA polymerase-based PCR amplifications require a minimum extension time of

2.0 minutes/kb of amplified template to achieve similar target synthesis.8

båòóãÉ=`çåÅÉåíê~íáçå

The concentration of PfuTurbo DNA polymerase required for optimal PCR product yield and

specificity depends on the individual target system to be amplified. Most amplifications are

successful with 2.5–5.0 U of enzyme/100-µl reaction for vector targets up to 15kb and genomic

targets up to 10kb.

q^_ib=f
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In PfuTurbo DNA polymerase-based PCR, the reaction buffer has been formulated for optimal

PCR yield and fidelity.2 Stratagene strongly recommends use of the reaction buffer provided

with PfuTurbo DNA polymerase in standard PCR amplification reactions. If alterations in these

buffers are made, significant increases in the error rate of Pfu DNA polymerase can be avoided

by maintaining the Mg2+ concentration above 1.5 mM, the total dNTP concentration at or below

1 mM, and the pH of Tris-based buffers above pH 8.0 when measured at 25°C.2

Deoxynucleoside triphosphate (dNTP) concentrations of 100–250 µM each dNTP generally

result in the optimal balance of product yield (greatest at high dNTP concentrations) versus

specificity and fidelity (highest at low dNTP concentration).9 If additional buffer optimization is

desired for a specific primer–template combination, the Opti-Prime™ PCR optimization kit††

can be used. The Opti-Prime PCR optimization kit contains a variety of useful buffers, adjuncts,

and cosolvents specifically selected for use in PCR and is configured in a testing matrix that

simplifies optimization of reaction conditions. 10

mêáãÉêÓqÉãéä~íÉ=mìêáíó=~åÇ=`çåÅÉåíê~íáçå

The most successful PCR results are achieved when the amplification reaction is performed

using purified primers and templates that are essentially free of extraneous salts. Gel-purified

primers, generally >18 nucleotides in length, are strongly recommended for use in PfuTurbo

DNA polymerase-based PCR.

Additionally, an adequate concentration of primers and template should be used to ensure a

good yield of the desired PCR products. When DNA of known concentration is available,

amounts of 50–1000 ng of DNA template/100-µl reaction are typically used for amplifications

of single-copy chromosomal targets. The amplification of a single-copy target from complex

genomic DNA is generally more difficult than amplification of a fragment from a plasmid or

phage. Less DNA template can be used for amplification of lambda (1–30 ng) or plasmid

(10–100 pg) PCR targets or for amplification of multicopy chromosomal genes (10–100 ng).9

The mutation frequency can be reduced by limiting the number of PCR cycles; however, a

corresponding increase in DNA template concentration is required in order to achieve

comparable yields of PCR product.

Stratagene suggests using primers at a final concentration of 0.1–0.5 µM, which is equivalent to

~100–250 ng of an 18- to 25-mer oligonucleotide primer in a 100-µl reaction volume.

Relatively high concentration of primers is typically required due to the fact that proofreading

DNA polymerases such as Pfu DNA polymerase exhibit 3´- to 5´-exonuclease activity, which

may contribute to a certain level of primer degradation. The use of primers with a

phosphorothioate bond at the 3´-terminal internucleotide linkage reportedly minimizes

primer degradation.11

  †† See Endnotes.
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Primer pairs that exhibit similar melting temperatures and are completely complementary to the

template are recommended. Depending on the primer design and the desired specificity of the

PCR amplification reaction, melting temperatures between 55° and 80°C generally yield the

best results.9 The following formula12 is commonly used for estimating the melting temperature

(Tm) of the primers:

T N N N N
m A T G C

( C)  2(   )  4(   � ≅ + + + )

where N equals the number of primer adenine (A), thymidine (T), guanidine (G), or cytosine (C)

bases. Several other articles present additional equations for estimating the melting temperature

of primers.13,14 Finally, care must be taken when using degenerate primers. Degenerate primers

should be designed with the least degeneracy at the 3´ end. Optimization of degenerate primer

concentration is necessary.

^aafqflk^i=lmqfjfw^qflk=m^o^jbqbop=clo=mÑìqìêÄç=ak^=mlivjbo^pbJ_^pba

m`o

m`o=`óÅäáåÖ=m~ê~ãÉíÉêë

Standard PCR amplification reactions typically require 25–30 cycles to obtain a high yield of

PCR product. Because high fidelity is a concern for certain PCR applications such as expression

cloning, Stratagene suggests using a minimum number of cycles for PfuTurbo DNA

polymerase-based PCR to ensure the lowest number of errors. Thermal cycling parameters

should be chosen carefully to ensure (1) the shortest denaturation times to avoid enzyme

inactivation and/or template damage, (2) adequate extension times to achieve full-length target

synthesis, and (3) the use of annealing temperatures near the primer melting temperature to

improve yield of the desired PCR product.

When performing PCR on a new target system, Stratagene suggests using an annealing

temperature 5°C below the lowest primer melting temperature.

kçíÉ Stratagene’s RoboCycler® Gradient 40 temperature cycler††† and RoboCycler®

Gradient 96 temperature cycler††† quickly optimize PCR annealing temperature by

testing up to 12 different temperatures in one experiment.

For best results, PCR primers should be designed with similar melting temperatures ranging

from 55° to 80°C. The use of primers with melting temperatures within this range reduces false

priming and ensures complete denaturation of unextended primers at 94–95°C (see also Primer–

Template Purity and Concentration and Primer Design).

See Table III for optimized PCR cycling parameters using Stratagene’s RoboCycler 40.

Optimized cycling parameters are not necessarily transferable between thermal cyclers designed

by different manufacturers. Therefore, each manufacturer’s recommendations for optimal

cycling parameters should be consulted.

    ††† See Endnotes.
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Because PfuTurbo DNA polymerase exhibits 3´- to 5´-exonuclease activity that enables the

polymerase to proofread nucleotide misincorporation errors, it is critical that PfuTurbo DNA

polymerase is the last component added to the PCR mixture (i.e., after the dNTPs). In the

absence of dNTPs, the 3´- to 5´-exonuclease activity of proofreading DNA polymerases may

degrade primers. When primers and nucleotides are present in the reaction mixture at

recommended levels (i.e., primer concentrations of 0.1–0.5 µM and nucleotide concentrations

of 100–250 µM), primer degradation is minimal.

aÉçñóåìÅäÉçëáÇÉ=qêáéÜçëéÜ~íÉë

For PfuTurbo DNA polymerase-based PCR, Stratagene recommends a dNTP concentration

range of 100–250 µM each dNTP (0.4–1.0 mM total). Deoxynucleoside triphosphate

concentrations of 100–250 µM each dNTP generally result in the optimal balance of product

yield (greatest at high dNTP concentrations) versus specificity and fidelity (highest at low

dNTP concentration).2,9 The use  of a balanced pool of dNTPs (equimolar amounts of each

dNTP) ensures the lowest rate of misincorporation errors.

p~äí=`çåÅÉåíê~íáçåë

j~ÖåÉëáìã=fçå=`çåÅÉåíê~íáçå

Magnesium ion concentration affects primer annealing and template denaturation, as well as

enzyme activity and fidelity. Generally, excess Mg2+ concentration results in accumulation of

nonspecific amplification products, whereas insufficient Mg2+ concentration results in reduced

yield of the desired PCR product.15 PCR amplification reactions should contain free Mg2+ in

excess of the total dNTP concentration (i.e., an optimal free Mg2+ concentration between 0.5

and 2.5 mM).9 For PfuTurbo DNA polymerase-based PCR, fidelity is optimal when the total

Mg2+ concentration is ~2 mM in a standard reaction mixture. This total Mg2+ concentration is

present in the final 1× dilution of the cloned Pfu DNA polymerase 10× reaction buffer. The

fidelity of PfuTurbo DNA polymerase drops significantly at a total Mg2+ concentration ≤1 mM

in the presence of 200 µM each dNTP.

Note that the presence of ethylenediaminetetraacetic acid (EDTA) or other metal chelating

agents lowers the effective concentration of Mg2+ as do excessive levels of dNTPs. The

concentration of metal chelators and total dNTPs should be taken into account when

determining the final Mg2+ concentration required for PCR.

mçí~ëëáìã=`ÜäçêáÇÉ=`çåÅÉåíê~íáçå

Potassium chloride or other salts increases the ionic strength of the reaction mixture, which

alters the denaturing and annealing temperatures of DNA, as well as enzyme activity. Varying

the KCl concentration at a given annealing temperature may improve the specificity and yield of

the desired PCR product.
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The adjuncts or cosolvents listed in the following table, which are available in the Opti-Prime

PCR optimization kit, may be advantageous with respect to yield when used in the PCR buffer.

Fidelity may or may not be affected by the presence of these adjuncts or cosolvents.

^ÇàìåÅí=çê=ÅçëçäîÉåí léíáã~ä=m`o=Ñáå~ä=ÅçåÅÉåíê~íáçå
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aáãÉíÜóäëìäÑçñáÇÉ=EajplF NÓNMB

däóÅÉêçä RÓOMB

^ããçåáìã=ëìäÑ~íÉ=xEke
Q
F
O
pl

Q
z NRÓPM=ãj

mÉêÑÉÅí=j~íÅÜ∆=m`o=ÉåÜ~åÅÉêææ N=rLNMMJµä=êÉ~Åíáçå=EÖÉåçãáÅ=ak^=íÉãéä~íÉF

MKMNÓN=rLNMMJµä=êÉ~Åíáçå=Eéä~ëãáÇ=ak^=íÉãéä~íÉF
=ææpÉÉ=båÇåçíÉëK

_çîáåÉ=pÉêìã=^äÄìãáå

Bovine serum albumin is a nonspecific enzyme stabilizer that also binds certain

PCR inhibitors.16

cçêã~ãáÇÉ

Formamide facilitates certain primer–template annealing reactions and also lowers the

denaturing temperature of melt-resistant DNA.17

aáãÉíÜóäëìäÑçñáÇÉ=~åÇ=däóÅÉêçä

Cosolvents, such as DMSO and glycerol, improve the denaturation of GC-rich DNA and help

overcome the difficulties of polymerase extension through secondary structures. Studies

indicate that the presence of 1–10% DMSO in PCR may be essential for the amplification of the

retinoblastoma gene18 and may also enhance amplification of Herpes simplex virus (HSV)

sequences.19 Glycerol is known to improve the yield of amplification products and also serves

as an enzyme stabilizer.19

^ããçåáìã=pìäÑ~íÉ

Ammonium sulfate increases the ionic strength of the reaction mixture, which alters the

denaturing and annealing temperatures of DNA, as well as enzyme activity.

mÉêÑÉÅí=j~íÅÜ=m`o=båÜ~åÅÉê

Perfect Match PCR enhancer improves the specificity of PCR products. This adjunct performs

these functions by destabilizing mismatched primer–template complexes and helps to remove

secondary structures that could impede normal extension.20
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Pfu DNA polymerase is a highly thermostable enzyme, retaining 94–99% of its polymerase

activity after 1 hour at 95°C. Unlike Taq DNA polymerase, denaturing temperatures up to 98°C

can be used successfully with PfuTurbo DNA polymerase to amplify GC-rich regions.21,22

fåÜÉêÉåí=�eçí=pí~êíÒ=mêçéÉêíáÉë

Pfu DNA polymerase exhibits optimal polymerase activity at ≥75°C and only 2–8% activity

between 40–50°C. Taq DNA polymerase, however, exhibits optimal polymerase activity

between 60–70°C and 27–70% activity between 40–50°C. The minimal activity of PfuTurbo

DNA polymerase at lower temperatures should result in fewer mispaired primer-extension

reactions than occur with Taq DNA polymerase during the lower temperatures encountered

during PCR cycling (e.g., primer annealing). Consequently, hot start techniques, which are

commonly used with Taq DNA polymerase to improve product yield and specificity, generally

are not required for PCR amplifications with Pfu DNA polymerases.23

qÉêãáå~ä=qê~åëÑÉê~ëÉ=^Åíáîáíó

Studies demonstrate that thermostable DNA polymerases, with the exception of Pfu DNA

polymerase, exhibit terminal deoxynucleotidyltransferase (TdT) activity, which is characterized

by the addition of nontemplate-directed nucleotide(s) at the 3´ end of PCR-generated

fragments.24,25 Pfu DNA polymerase is devoid of TdT activity and generates blunt-ended PCR

products exclusively. Therefore, PfuTurbo and Pfu DNA polymerases are the enzymes of

choice for use with the PCR-Script™ Amp SK(+) cloning kit26,†† and the PCR-Script™ Cam

SK(+) cloning kit.27,†† Alternatively, PfuTurbo or Pfu DNA polymerase can be used to remove

3´ overhangs (polishing) or to fill-in 5´ overhangs with greater efficiencies than either Klenow

polymerase or T4 DNA polymerase.29,30

oÉîÉêëÉ=qê~åëÅêáéí~ëÉ=^Åíáîáíó

PfuTurbo DNA polymerase lacks detectable reverse transcriptase activity.

†† See Endnotes.
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1. Prepare a reaction mixture for the appropriate number of samples to be amplified. Add the

components in order while mixing gently. Table II provides an example of a reaction

mixture for the amplification of a typical single-copy chromosomal target. The recipe listed

in Table II is for one reaction and must be adjusted for multiple samples. The final volume

of each sample reaction is 100 µl.

kçíÉ The volumes of each component in the reaction mixture may also be decreased

proportionally to a 50-µl final volume.

2. Immediately before thermal cycling, aliquot 100 µl of the reaction mixture into the

appropriate number of sterile thin-wall PCR tubes or standard 0.5-ml microcentrifuge

tubes.

3. Overlay each reaction with ~50 µl of DNase-, RNase-, and protease-free mineral oil

(Sigma, St. Louis, Missouri).

4. Perform PCR using optimized cycling conditions (see also PCR Cycling Parameters).

Suggested cycling parameters for PfuTurbo DNA polymerase-based PCR using

Stratagene’s RoboCycler 40 temperature cycler are indicated in Table III.

5. Analyze the PCR amplification products on a 0.7–1.0% (w/v) agarose gel.

q^_ib=ff
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mÑìqìêÄç=ak^=éçäóãÉê~ëÉ=EOKR=rLµäF ==NKM=µä=EOKR=rFÅ

qçí~ä=êÉ~Åíáçå=îçäìãÉ NMM=µä
~ qÜÉ=~ãçìåí=çÑ=ak^=íÉãéä~íÉ=êÉèìáêÉÇ=î~êáÉë=ÇÉéÉåÇáåÖ=çå=íÜÉ=íóéÉ=çÑ=ak^=ÄÉáåÖ

~ãéäáÑáÉÇK=dÉåÉê~ääó=RMÓNMMM=åÖ=çÑ=ÖÉåçãáÅ=ak^=íÉãéä~íÉ=áë=êÉÅçããÉåÇÉÇX=ÜçïÉîÉêI

äÉëë=ak^=íÉãéä~íÉ=EíóéáÅ~ääó=NM=éÖÓNMM=åÖF=Å~å=ÄÉ=ìëÉÇ=Ñçê=~ãéäáÑáÅ~íáçå=çÑ=ä~ãÄÇ~=çê

éä~ëãáÇ=m`o=í~êÖÉíë=çê=Ñçê=~ãéäáÑáÅ~íáçå=çÑ=ãìäíáÅçéó=ÅÜêçãçëçã~ä=ÖÉåÉëK
Ä mêáãÉê=ÅçåÅÉåíê~íáçåë=ÄÉíïÉÉå=MKN=~åÇ=MKR=µj=~êÉ=êÉÅçããÉåÇÉÇ=EÖÉåÉê~ääó=NMMÓORM=åÖ

Ñçê=íóéáÅ~ä=NUJ=íç=ORJãÉê=çäáÖçåìÅäÉçíáÇÉ=éêáãÉêë=áå=~=NMMJµä=êÉ~Åíáçå=îçäìãÉFK
Å qÜÉ=~ãçìåí=çÑ=mÑìqìêÄç=ak^=éçäóãÉê~ëÉ=î~êáÉë=ÇÉéÉåÇáåÖ=çå=íÜÉ=äÉåÖíÜ=çÑ=íÜÉ=íÉãéä~íÉ=íç=ÄÉ

~ãéäáÑáÉÇK=qÜÉ=ëí~åÇ~êÇ=ê~åÖÉ=Ñçê=îÉÅíçê=í~êÖÉíë=ìé=íç=NR=âÄ=~åÇ=ÖÉåçãáÅ=í~êÖÉíë=ìé=íç=NM=âÄ=áå

===äÉåÖíÜ=áë=NÓO=µä=EOKRÓRKM=rFK



V

q^_ib=fff

pìÖÖÉëíÉÇ=`óÅäáåÖ=m~ê~ãÉíÉêë=Ñçê=m`o=rëáåÖ=mÑìqìêÄç=ak^=mçäóãÉê~ëÉ~IÄ

pÉÖãÉåí kìãÄÉê=çÑ=ÅóÅäÉë qÉãéÉê~íìêÉ aìê~íáçå

NÅ N VQÓVUø`Ç ==N=ãáåìíÉ

O ORÓPM VQÓVUø` ==N=ãáåìíÉ

mêáãÉê=q
ã
=Ó=Rø`É ==N=ãáåìíÉ

TOø` ==N=ãáåìíÉLâÄ=çÑ=m`o=í~êÖÉíÑ

P N TOø` NM=ãáåìíÉë
~ léíáãáòÉÇ=Ñçê=mÑìqìêÄç=ak^=éçäóãÉê~ëÉJÄ~ëÉÇ=m`o=ìëáåÖ=píê~í~ÖÉåÉÛë=oçÄç`óÅäÉê=QM=íÉãéÉê~íìêÉ=

ÅóÅäÉêK
Ä qÜáåJï~ää=m`o=íìÄÉë=~êÉ=ÜáÖÜäó=êÉÅçããÉåÇÉÇ=Ñçê=ìëÉ=ïáíÜ=píê~í~ÖÉåÉÛë=íÜÉêã~ä=ÅóÅäÉêëK=qÜÉëÉ=m`o

íìÄÉë=~êÉ=çéíáãáòÉÇ=íç=ÉåëìêÉ=áÇÉ~ä=Åçåí~Åí=ïáíÜ=íÜÉ=ãìäíáÄäçÅâ=ÇÉëáÖå=íç=éÉêãáí=ãçêÉ=ÉÑÑáÅáÉåí=ÜÉ~í=

íê~åëÑÉê=~åÇ=íç=ã~ñáãáòÉ=íÜÉêã~äJÅóÅäáåÖ=éÉêÑçêã~åÅÉK
Å `Éêí~áå=íÜÉêãçÅóÅäÉêë=ã~ó=êÉèìáêÉ=íÜÉ=êÉãçî~ä=çÑ=ëÉÖãÉåí=N=Ñêçã=íÜÉ=ÅóÅäáåÖ=é~ê~ãÉíÉêë=äáëíÉÇ=íç=çÄí~áå=

íÜÉ=ëìÖÖÉëíÉÇ=ÅóÅäáåÖ=é~ê~ãÉíÉêë=Ñçê=mÑìqìêÄç=ak^=éçäóãÉê~ëÉJÄ~ëÉÇ=m`oK=léíáãáòÉÇ=ÅóÅäáåÖ=é~ê~ãÉíÉêë=

~êÉ=åçí=åÉÅÉëë~êáäó=íê~åëÑÉê~ÄäÉ=ÄÉíïÉÉå=íÜÉêã~ä=ÅóÅäÉêë=ÇÉëáÖåÉÇ=Äó=ÇáÑÑÉêÉåí=ã~åìÑ~ÅíìêÉêëX=íÜÉêÉÑçêÉI=

É~ÅÜ=ã~åìÑ~ÅíìêÉêÛë=êÉÅçããÉåÇ~íáçåë=Ñçê=çéíáã~ä=ÅóÅäáåÖ=é~ê~ãÉíÉêë=ëÜçìäÇ=ÄÉ=ÅçåëìäíÉÇK
Ç aÉå~íìêáåÖ=íÉãéÉê~íìêÉë=~ÄçîÉ=VRø`=~êÉ=êÉÅçããÉåÇÉÇ=çåäó=Ñçê=d`JêáÅÜ=íÉãéä~íÉëK
É qÜÉ=~ååÉ~äáåÖ=íÉãéÉê~íìêÉ=ã~ó=ÄÉ=äçïÉêÉÇ=ÑìêíÜÉê=áÑ=åÉÅÉëë~êó=íç=çÄí~áå=çéíáã~ä=êÉëìäíëK=qóéáÅ~ääó=

~ååÉ~äáåÖ=íÉãéÉê~íìêÉë=ïáää=ê~åÖÉ=ÄÉíïÉÉå=RRø=~åÇ=TOø`KV=léíáã~ä=m`o=~ååÉ~äáåÖ=íÉãéÉê~íìêÉë

ã~ó=ÄÉ=ÇÉíÉêãáåÉÇ=èìáÅâäó=ìëáåÖ=íÜÉ=oçÄç`óÅäÉê=dê~ÇáÉåí=QM=íÉãéÉê~íìêÉ=ÅóÅäÉê=çê

oçÄç`óÅäÉê=dê~ÇáÉåí=VS=íÉãéÉê~íìêÉ=ÅóÅäÉêK
Ñ cçê=ÖÉåçãáÅ=í~êÖÉíë=SÓNMâÄ=~åÇ=îÉÅíçê=í~êÖÉíë=NMÓNRâÄI=ìëÉ=~=O=ãáåìíÉLâÄ=ÉñíÉåëáçå=íáãÉK



NM

qolr_ibpellqfkd

lÄëÉêî~íáçå mçëëáÄäÉ=Å~ìëÉ pçäìíáçåEëF

kç=éêçÇìÅí=çê

äçï=óáÉäÇ

bñíÉåëáçå=íáãÉë=íçç=ëÜçêí fåÅêÉ~ëÉ=ÉñíÉåëáçå=íáãÉ=íç=O=ãáåìíÉëLâÄ=çÑ

m`o=í~êÖÉí

^ååÉ~äáåÖ=íÉãéÉê~íìêÉ=íçç=ÜáÖÜ içïÉê=íÜÉ=~ååÉ~äáåÖ=íÉãéÉê~íìêÉ=áå

Rø`=áåÅêÉãÉåíë

få~ééêçéêá~íÉ=ÄìÑÑÉê båëìêÉ=íÜ~í=NM�=ÅäçåÉÇ=mÑì=ak^=éçäóãÉê~ëÉ

êÉ~Åíáçå=ÄìÑÑÉê=áë=ìëÉÇ

mÉêÑçêã=ÑìêíÜÉê=ÄìÑÑÉê=çéíáãáò~íáçå=áÑ

åÉÅÉëë~êó=ìëáåÖ=íÜÉ=léíáJmêáãÉ=m`o

çéíáãáò~íáçå=âáí

lêÇÉê=çÑ=~ÇÇáíáçå=çÑ=êÉ~Åíáçå=ÅçãéçåÉåíë ^ÇÇ=mÑìqìêÄç=ak^=éçäóãÉê~ëÉ=ä~ëí=íç=íÜÉ

êÉ~Åíáçå=ãáñíìêÉ=íç=ãáåáãáòÉ=~åó

éçíÉåíá~ä=éêáãÉê=ÇÉÖê~Ç~íáçå

d`=ÅçåíÉåí=çê=ëÉÅçåÇ~êó=ëíêìÅíìêÉ=íçç=ÜáÖÜ rëÉ=ÜáÖÜÉê=ÇÉå~íìêáåÖ=íÉãéÉê~íìêÉë

EVQÓVUø`F=EëÉÉ=~äëç=oÉÑÉêÉåÅÉ=NTF

rëÉ=ÅçëçäîÉåíë=ëìÅÜ=~ë=ajpl=áå=~=NÓNMB

EîLîF=Ñáå~ä=ÅçåÅÉåíê~íáçå=çê=ÖäóÅÉêçä=áå=~

RÓOMB=EîLîF=Ñáå~ä=ÅçåÅÉåíê~íáçå=EëÉÉ

aáãÉíÜóäëìäÑçñáÇÉ=~åÇ=däóÅÉêçäF

mêáãÉê=ÅçåÅÉåíê~íáçå=íçç=äçï rëÉ=íÜÉ=êÉÅçããÉåÇÉÇ=éêáãÉê=ÅçåÅÉåíê~íáçåë

ÄÉíïÉÉå=MKN=~åÇ=MKR=µj=EÖÉåÉê~ääó

NMMÓORM=åÖ=Ñçê=íóéáÅ~ä=NUJ=íç=ORJãÉê

çäáÖçåìÅäÉçíáÇÉ=éêáãÉêë=áå=~=NMMJµä
êÉ~Åíáçå=îçäìãÉF

kçåéêáãáåÖ=çê=ãáëéêáãáåÖ rëÉ=ÜáÖÜJèì~äáíó=éêáãÉêë

`ÜÉÅâ=íÜÉ=ãÉäíáåÖ=íÉãéÉê~íìêÉI=éìêáíóI=d`

ÅçåíÉåíI=~åÇ=äÉåÖíÜ=çÑ=íÜÉ=éêáãÉêë

`çåëáÇÉê=ìëáåÖ=íÜÉ=~ÇàìåÅíë=Ñêçã=íÜÉ

léíáJmêáãÉ=m`o=çéíáãáò~íáçå=âáí

xÉKÖKI=ìëÉ=NÓO=r=çÑ=mÉêÑÉÅí=j~íÅÜ

m`o=ÉåÜ~åÅÉê=çê=~=äçï=ÅçåÅÉåíê~íáçå

ENÓRBF=çÑ=Ñçêã~ãáÇÉz

Eí~ÄäÉ=ÅçåíáåìÉë=çå=íÜÉ=åÉñí=é~ÖÉF



NN

Eí~ÄäÉ=ÅçåíáåìÉÇ=Ñêçã=íÜÉ=éêÉîáçìë=é~ÖÉF

lÄëÉêî~íáçå mçëëáÄäÉ=Å~ìëÉ pçäìíáçåEëF

fçåáÅ=ëíêÉåÖíÜ=çÑ=íÜÉ=êÉ~Åíáçå=ãáñíìêÉ

íçç=ÜáÖÜ

oÉãçîÉ=Éñíê~åÉçìë=ë~äíë=Ñêçã=íÜÉ=m`o

éêáãÉêë=~åÇ=ak^=éêÉé~ê~íáçåë

fåëìÑÑáÅáÉåí=jÖOH=ÅçåÅÉåíê~íáçå fåÅêÉ~ëÉ=íÜÉ=íçí~ä=jÖOH=ÅçåÅÉåíê~íáçå

íç=O=ãjX=í~âÉ=áåíç=~ÅÅçìåí=íÜÉ

ÅçåÅÉåíê~íáçåë=çÑ=íÜÉ=ÇkqmëI

éêáãÉêëI=~åÇ=baq^

aÉå~íìê~íáçå=íáãÉë=íçç=äçåÖ aÉå~íìê~íáçå=íáãÉë=çÑ=PMÓSM=ëÉÅçåÇë=~í

VQÓVRø`=~êÉ=ìëì~ääó=ëìÑÑáÅáÉåí=ïÜáäÉ

äçåÖÉê=ÇÉå~íìê~íáçå=íáãÉë=ã~ó=Ç~ã~ÖÉ

íÜÉ=ak^=íÉãéä~íÉX=ìëÉ=íÜÉ=ëÜçêíÉëí

ÇÉå~íìê~íáçå=íáãÉ=Åçãé~íáÄäÉ=ïáíÜ

ëìÅÅÉëëÑìä=m`o=çå=íÜÉ=íÜÉêã~ä=ÅóÅäÉê

fåëìÑÑáÅáÉåí=~ãçìåíë=çÑ=mÑìqìêÄç ==================

ak^=éçäóãÉê~ëÉ

fåÅêÉ~ëÉ=íÜÉ=~ãçìåí=çÑ=mÑìqìêÄç=ak^

éçäóãÉê~ëÉ

mççê=íÉãéä~íÉ=èì~äáíó=çê=íÉãéä~íÉ

ÅçåÅÉåíê~íáçå=íçç=äçï

rëÉ=áåí~Åí=~åÇ=ÜáÖÜäó=éìêáÑáÉÇ=íÉãéä~íÉë=~í

~å=~ÇÉèì~íÉ=ÅçåÅÉåíê~íáçå=EëÉÉ=mêáãÉêÓ

qÉãéä~íÉ=mìêáíó=~åÇ=`çåÅÉåíê~íáçå=~åÇ

mêáãÉê=aÉëáÖåF

få~ÇÉèì~íÉ=ÜÉ~í=ÉñÅÜ~åÖÉ=ÄÉíïÉÉå=íÜÉ

êÉ~Åíáçå=íìÄÉë=~åÇ=íÜÉ=íÜÉêã~ä=ÅóÅäÉê

rëÉ=íÜáåJï~ää=m`o=íìÄÉë=Ñçê=píê~í~ÖÉåÉÛë

íÜÉêã~ä=ÅóÅäÉêë=EáKÉKI=íÜÉ=oçÄç`óÅäÉê

dê~ÇáÉåí=VS=íÉãéÉê~íìêÉ=ÅóÅäÉêI=íÜÉ

oçÄç`óÅäÉê=VS=íÉãéÉê~íìêÉ=ÅóÅäÉêI=íÜÉ

oçÄç`óÅäÉê=dê~ÇáÉåí=QM=íÉãéÉê~íìêÉ

ÅóÅäÉêI=~åÇ=íÜÉ=oçÄç`óÅäÉê=QM

íÉãéÉê~íìêÉ=ÅóÅäÉêFK=qÜÉëÉ=m`o=íìÄÉë=~êÉ

çéíáãáòÉÇ=íç=ÉåëìêÉ=áÇÉ~ä=Åçåí~Åí=ïáíÜ

íÜÉ=ãìäíáÄäçÅâ=ÇÉëáÖå=íç=éÉêãáí=ãçêÉ

ÉÑÑáÅáÉåí=ÜÉ~í=íê~åëÑÉê=~åÇ=íç=ã~ñáãáòÉ

íÜÉêã~äJÅóÅäáåÖ=éÉêÑçêã~åÅÉ

^ÇàìåÅíë=çê=ÅçëçäîÉåíë=êÉèìáêÉÇ=Ñçê

çéíáã~ä=m`o

pÉÉ=íÜÉ=^ÇàìåÅíë=~åÇ=`çëçäîÉåíë=ëÉÅíáçå

jìäíáéäÉ=Ä~åÇë mêáãÉê=~ååÉ~äáåÖ=íÉãéÉê~íìêÉ=íçç=äçï fåÅêÉ~ëÉ=íÜÉ=~ååÉ~äáåÖ=íÉãéÉê~íìêÉ=áå=Rø`

áåÅêÉãÉåíë

kçåëéÉÅáÑáÅ=éêáãÉêÓíÉãéä~íÉ=~ååÉ~äáåÖ rëÉ=mÉêÑÉÅí=j~íÅÜ=m`o=ÉåÜ~åÅÉêæææ=íç

áãéêçîÉ=m`o=éêçÇìÅí=ëéÉÅáÑáÅáíó

^êíáÑ~Åíì~ä

ëãÉ~êë

bñÅÉëëáîÉ=~ãçìåí=çÑ=mÑìqìêÄç=ak^

éçäóãÉê~ëÉ

aÉÅêÉ~ëÉ=íÜÉ=~ãçìåí=çÑ=mÑìqìêÄç=ak^

éçäóãÉê~ëÉ

bñíÉåëáçå=íáãÉ=íçç=äçåÖ oÉÇìÅÉ=íÜÉ=ÉñíÉåëáçå=íáãÉ=ìíáäáòÉÇ
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mobm^o^qflk=lc=jbaf^=^ka=ob^dbkqp

NM�=`äçåÉÇ=mÑì=ak^=mçäóãÉê~ëÉ=oÉ~Åíáçå
_ìÑÑÉê

200 mM Tris-HCl (pH 8.8)

  20 mM MgSO4

100 mM KCl

100 mM (NH4) 2SO4

    1% Triton® X-100

    1 mg/ml nuclease-free BSA
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     † Purchase of these products is accompanied by a license to use them in the Polymerase Chain Reaction (PCR) 

process in conjunction with an Authorized Thermal Cycler. Stratagene’s PCR products are sold under        

licensing arrangements with Roche Molecular Systems, Inc., F. Hoffmann-La Roche Ltd., and

The Perkin-Elmer Corporation.
   †† These products are optimized for use in the Polymerase Chain Reaction (PCR) process covered by patents owned  

by Hoffmann-La Roche. Purchase of these PCR-related products does not convey any rights under the PCR 

patents owned by Hoffmann-La Roche. A license to use the PCR process accompanies the purchase of certain 

reagents from Stratagene when used in conjunction with an Authorized Thermal Cycler.
 ††† Practice of the patented Polymerase Chain Reaction (PCR) process requires a license. Stratagene’s thermal cycler 

is an Authorized Thermal Cycler. Its use with Authorized Reagents provides a limited PCR license in accordance 

with the label rights accompanying such reagents. It may also be used with PCR licenses available from            

The Perkin-Elmer Corporation.

Perfect Match®, PfuTurbo®, and RoboCycler® are registered trademarks of Stratagene in the United States.

Opti-Prime and PCR-Script are trademarks of Stratagene.

Deep VentR
® and VentR

® are registered trademarks of New England Biolabs, Inc.

Triton® is a registered trademark of Union Carbide Chemicals and Plastics Co., Inc.

UlTma is a trademark of Roche Molecular Systems, Inc.


